Question asking is an important tool for constructing academic knowledge, and a self-reinforcing driver of curiosity. However, research has found that question asking is infrequent in the classroom and children's questions are often superficial, lacking deep reasoning. In this work, we developed a pedagogical agent that encourages children to ask divergent-thinking questions, a more complex form of questions that is associated with curiosity. We conducted a study with 95 fifth grade students, who interacted with an agent that encourages either convergentthinking or divergent-thinking questions. Results showed that both interventions increased the number of divergent-thinking questions and the fluency of question asking, while they did not significantly alter children's perception of curiosity despite their high intrinsic motivation scores. In addition, children's curiosity trait has a mediating effect on question asking under the divergent-thinking agent, suggesting that question-asking interventions must be personalized to each student based on their tendency to be curious.
INTRODUCTION
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Besides providing information, question-asking offers many other benefits. On lecture comprehension tests, university students who generated their own questions got better scores than students who used questions from someone else [37] . Likewise, Davey and McBride [11] found that sixth grade students who were asked to create two good questions for each passage of the text performed better on comprehension tests than students who were asked to merely read. The act of composing a question seems to focus students' attention on the most important/relevant information in the content [2] . Different types of questions offer different benefits. For example, Gallagher and Ascher's hierarchical taxonomy [19] classified questions as low vs high level. Low-level questions are surface-level, memory-based questions that ask students to name, define or identify (e.g. "Who is the main character?"), or convergent-thinking questions that ask students to relate ideas by comparing, contrasting or explaining (e.g. "Why was the character doing this at the beginning of the story?"). Highlevel questions are deeper questions that involve divergentthinking; they require responses that offer a new perspective on a given topic, asking students to predict, infer, hypothesize, reconstruct information or questions that incorporate new knowledge (e.g., "What could happen if the main character did this instead of that?") and make subjective or moral judgements (e.g. "What is your opinion about this?").
Research has shown that there is an intimate relationship between epistemic curiosity and divergent-thinking questionasking. Curiosity arises when one becomes aware of a knowledge gap; this awareness can lead one to ask questions in order to obtain the missing information [50] . Children who are curious by trait have been shown to have better question-asking abilities [35] . The premise of our work is that question-asking is a skill beneficial to learning and the development of curiosity, that can be both taught and practiced.
In this work, we introduce a pedagogical agent designed to encourage students to ask divergent-thinking questions about pieces of text. We conducted an experiment with 95 fifth grade students at an elementary school in France, who interacted with an agent that encouraged either convergent-thinking or divergent-thinking questions. Results show that our experimental manipulation influenced the type and quantity of questions asked by children. Furthermore, children found this question-asking learning exercise to be enjoyable and motivating. Our work contributes both an educational platform for promoting question-asking skills, and insights into effective technology-mediated interventions on question-asking.
RELATED WORK Question Generation in Classroom
Contrary to the popular belief that young children are avid questioners, research has shown that questions in classroom are not very frequent and are often low-level questions that do not necessitate deep reasoning [25, 34] .
Low frequency of question asking can be attributed to three curiosity-based explanations. First, children may not be interested in asking questions; they are not motivated/curious because they can't identify their own knowledge gaps [25] . Second, social influences, from peers or teachers, can alter children's perception of curiosity, which in turn, fosters or inhibits their question asking behavior [16] . Post and Walma van der Molen [49] , for example, found that the fear of classmates' negative judgement has a detrimental effect on curiosity, causing children to have a negative opinion about asking question in a classroom (e.g. people who ask question are stupid). Even the arrangement of the classroom, such as the positions of the tables, can have an impact on question generation; for instance, when children are assigned to sit in a semi-circle, they are more inclined to ask questions [46] . Most importantly, children may not know how to ask questions [34, 25] . During a think-aloud session, Humphries and Ness [34] measured the quantity and quality of questions generated by 5th grade students. The children had to read a piece of text and ask as many questions as they could while reading. They noticed children mainly ask questions using question starters, such as "who", "what", "when", "where", and that 93% of their questions were low-level ones (memory-based or convergent-thinking questions). They concluded that children did not have the tools to help them construct higher-level thinking questions, such as "What's the difference between ... ?", "What is your belief about ...?", "How do you know ...?", etc [34, 36, 51] .
In their review, Rosenshine, Meister and Chapman [52] compiled intervention studies that attempt to improve students' understanding of textual information by asking them to generate questions. They grouped the studies according to the procedural prompts used to help children generate questions; these prompts include, for example, signal words for starting questions (e.g., who, what, where, when, why, how), requests for specific types of questions, or examples of questions. Overall, providing signal words was the most effective way to improve the generation of questions from students. Teaching students to generate more questions was also found to enhance their comprehension. Ness [47] demonstrated to elementary school children how she generates simple and high-level questions from songs, and asked them to do the same on other songs. She noticed that, over time, the quality and quantity of the questions that the children ask improved. These results suggest that it is possible to improve the question-asking skills of children by giving them tools they can reuse in classroom or daily life.
Taxonomy of Questions
Prior work has proposed many different frameworks for classifying questions. Methods used in machine learning domains [9, 31] , such as automatic question generation systems, see questions as different syntactic transformations (e.g subject-auxiliary inversion) of declarative sentences. Questions are sorted by their length, meaning or complexity. These classification schemes are complex, and the groupings can be subjective and highly dependent on the interpretation of the annotator.
Other classification schemes, collectively known as QAR, consider the relationship between a question and its answer. Raphael and Pearson [51] suggests that questions can be classified into three categories, depending on whether the answer is i) explicitly stated in a single sentence (i.e., "right there"); ii) implicitly found only by integrating two or more sentences (i.e., "think and search"), and iii) not in the text, forcing the readers to use their own knowledge (i.e., "on my own"). Their classification scheme is mostly designed to assess children's questions. Graesser [25] investigated how to classify questions within the context of college-level mathematical tutoring sessions. Questions are classified based on the length of the expected answers-short-answer questions (e.g. Verification, Quantification) require only a word or a phrase, while long-answer questions (e.g. Comparison, Interpretation) requires deeper reasoning and more elaborated answers. In Gallagher and Ascher's framework [19] , convergent-thinking and divergent-thinking questions are equivalent to text-explicit and text-implicit questions of Raphael and Pearson [51] , respectively.
Epistemic curiosity and Question-Asking
Graesser et al. [24, 22] outlines four psychological needs that motivate the generation of a question: the need to monitor common ground to assess what other people know, the need to socially coordinate actions (e.g., ask for a request or an advice), the need to control conversation and attention, and important to our study-the need to correct a knowledge deficit in order to obtain a piece of missing information-a psychological need related to epistemic curiosity.
Epistemic curiosity is a form of intrinsic motivation for acquiring knowledge, that can be both a state (i.e., a stable feeling or moment of interest or deprivation) and a trait (i.e., a general propensity to seek curiosity states) [43, 44] . One mechanism for eliciting curiosity is through a knowledge gap. When information is missing, or contradicts what one knows, a knowledge goal will arise, often leading to the generation of questions. The person is then made aware of the information needs, and motivated to formulate a question to obtain the missing knowledge [50] . Research has revealed a strong connection between curiosity and question asking abilities. In Jirout and Klahr [35] , children were given a set of options to explore, where the options can be of different levels of uncertainty. Children who prefer to resolve greater amounts of uncertainty are defined as being more curious, and those who prefer lower levels of uncertainty are defined as being less curious. Their study found a positive relationship between children's curiosity and their range of question asking abilities, i.e., children who are more curious ask more questions, are better at using questions to solve simple problems, and are more skilled in discriminating between helpful and unhelpful questions. In our work, we also investigate the role that curiosity trait might play in question asking.
Educational Applications for Enhancing Curiosity
Some prior work has shown that although teachers asked most (i.e., 95%) of the questions in the classroom [25, 24] , they are not always good role models-only 4% of their questions are high-level questions [13] . One possibility is to train teachers to ask questions effectively [59] . Alternatively, one can develop educational applications and pedagogical/peer agents to elicit and reinforce students' curiosity [4, 55, 8, 21] , as curiosity and question asking are strongly linked. Ceha et al. [4] introduced a game-playing robot that elicits emotional and behavioural curiosity from students by expressing its own curiosity about the topic. In Kidlearn [8, 53] or Kidbreath [12] , algorithms based on the learning progress theory of curiosity were used to adapt the learning task to each child's abilities, and sequence the teaching to optimize for learning gains. Results show that students learned faster and had higher intrinsic motivation scores, when their sequence of lessons was scheduled by curiosity-driven algorithms than traditional linear learning algorithms [12] . Together, these prior work suggest that designing educational technology to use curiosity to drive learning is a fruitful avenue to explore. In our work, we take a practical approach to fostering curiosity by designing a pedagogical agent to facilitate the practice of question asking. To our knowledge, there exists no application for this exact purpose.
The Use of Conversational Agents in Education
There exist a number of powerful text-and voice-based conversational agents in education, for handling administrative and management tasks to foster productivity [20] , providing emotional support and positive reinforcement, providing social presence [6, 28] , scaffolding the practice of specific skills (e.g., language learning [18, 57] ) and meta-cognitive strategies (e.g., reflect on learning process [27] ), supporting higher-level thinking skills (e.g., by encouraging explanations [1] ), and assessing students' learning (e.g., QuizBot [54] ).
The educational benefits of conversational agents have been widely demonstrated. Jill Watson [20] , a virtual teaching assistant for the Georgia Tech course on Knowledge-Based Artificial Intelligence, demonstrates that conversational agents can help improve the efficiency of the administrative side of education, such as answering FAQs and posting announcements. AutoTutor [26] is a virtual avatar that helps students actively construct knowledge through conversations, and it has been shown to have a significant positive effects on student grades [23] . In the learning of algebraic expressions, Heffernan and Koedinger [30, 29] demonstrate that students who engaged in a dialog with Ms. Linquist, a virtual tutor, learned more. QuizBot [54] helps students learn factual knowledge and vocabulary. Results show that students were able to recognize and recall over 20% more correct answers compared to learning with flashcards. In addition, students voluntarily spent significantly more time learning with Quizbot over flashcards. Finally, recent work has shown how voice-based conversational agents can be used to help young children read and learn [63] .
Despite their demonstrated potential to impact education, conversational agents are limited by their ability to process natural language and recognize social and emotional cues, making them practical only for well-defined, narrow tasks [40] . None of the prior work on conversational agents in education focused on question generation as a learning activity.
RESEARCH QUESTIONS AND HYPOTHESES
Our main research question is how to design a virtual agent to help children improve their question-asking skills, in particular, their ability to generate divergent-thinking questions [34] . The agent is embedded in a web application called the Curiosity Notebook [39] , a research infrastructure for studying teachable and pedagogical agents. On this platform, students can choose articles to read and are asked to generate questions related to the text. Our study involves manipulating the agent and the interfaces to encourage students to generate different types of questions. Specifically, we hypothesize that such an agent can:
• help children construct more questions and questions that are of a high level of complexity (i.e., divergent-thinking questions) through the use of propositions and question starter prompts [H1]. • facilitate a question generation exercise that is enjoyable and motivating to do [H2]. • influence children's perception of the value of curiosity
[H3].
To answer these research questions, we conducted an experiment with 95 elementary school children interacting with either an agent that promotes convergent thinking (i.e., the generation of memory-based or convergent-thinking questions) or one that promotes divergent thinking (i.e., the generation of curiosity-based, divergent-thinking questions).
The convergent-thinking vs divergent-thinking question dichotomy comes from the well-known Question-Answer Relationship (QAR) classification, which stresses the relationship between a question, generated from a text reading, and its answer [19, 51, 62] . QAR describes two levels of questions: convergent-thinking questions for which the answers are in the text (e.g., low-level, factoid questions) and divergent-thinking questions for which the answers are not in the text, but that are text-elicited (e.g., "What could happen if the main character went home instead of to the park?"). Table 1 and 2 shows how convergent-thinking and divergent-thinking questions can be defined by whether their corresponding answers can be found in the text. For example, in Table 1 , one of the convergent propositions is "In Oslo", a phrase that is explicitly mentioned in the text as the location where the Nobel Peace Prize ceremony takes place. On the other hand, one of the divergent propositions is "6 different Nobel prizes", which is not found in the text. The corresponding question-e.g., "How many different kinds of Nobel prizes are there?"-is considered a divergent-thinking question because the answer is not found in the text.
Below, we outline our study design, including participant recruitment and experimental procedure, materials, data collection instruments and data cleaning process.
STUDY DESIGN

Experimental Procedure
The experiment is within-subject and involves a ABA design ( Figure 2 ), consisted of a pre-intervention baseline (A), intervention (B) and post-intervention baseline (A) sessions, where each session was held on a different day within the same week. The length and number of sessions were limited to 3 days due to constraints imposed by the school schedule and ethics guidelines concerning studies with children.
In each session, children were asked to generate questions for a set of short articles, one by one. The system began by presenting children with a set of topics, and asked them to choose one topic (e.g., Olympics) from the list. Upon choosing a topic, a short article related to the topic was displayed. Children were asked to read the article, and indicate (by clicking on a button) when they are done reading. After reading, children were presented with a set of propositions (Figure 1(a) ); the number of propositions depends on the session phase (baseline vs intervention), as will be described later. A proposition is an answer to a question that can either be found in the text (convergent proposition), or cannot be found in the text but that is related to the content (divergent proposition). Children were asked to choose one of the propositions to generate a question from (Figure 1(b) ). In other words, students had only the answers and they had to guess what questions would lead to such answers. For each article, children repeated this process of generating questions based on a choice of proposition three times; after that, there was a 4th free question round where children could generate any questions they wanted about the text, without being given any propositions. When the 4 questioning rounds were finished for that article, children proceeded to choose another topic, read another piece of text, and generate questions.
Children were not restricted in terms of time; they completed the experiment at their own pace. Children interacted with the application on a tablet; they were summoned one by one to a quiet room to participate in the experiment, so that they are not distracted by the rest of the class.
In the baseline (i.e., A) sessions, students were asked to process 3 articles. For each article, the agent presents 2 propositions to the children based on which to generate a question; one of the propositions represents an answer to a convergentthinking question, and the other to a divergent-thinking question. Table 1 provides an example of a baseline round, including the article, the choices of propositions, and what the agent said when asking children to choose a proposition. As the example shows, the agent was passive-it did not help or influence children to choose one or the other proposition. When presenting the propositions, the agent simply said, "Here are the responses to two questions. Choose one of the propositions and try to find the question that it corresponds to. Take your time to formulate."
There were two baseline sessions, conducted before (baseline 1) and after (baseline 2) the intervention session. The two baseline manipulations were exactly the same, with only the articles being different. In each baseline session, children asked 12 questions in total, 3 based on propositions and 1 free question for each of the 3 articles.
In the Intervention (i.e., B) session, students were asked to process 6 articles. Similar to the baseline, for each ar- One of the questions might start with "What is ...", so that may help you choose one of the propositions ...
The NASA
A 2 year trip Using powerful spaceships
One of the questions might start with "How many ...", so that may help you choose one of the propositions ...
scientists
Objective is to go to Mars First trip will take place in 2030
Divergent Condition Agent Speech Divergent Proposition 1 Divergent Proposition 2 Convergent Proposition One of the questions might start with "How..." so that may help you choose one of the propositions ...
Sports, Reading, Exercices
There is no return trip Being able to live on Mars
One of the questions might start with "How..." so that may help you choose one of the propositions ...
Using powerful spaceships
We think we can live there The NASA
One of the questions might start with "In which year...", so that may help you choose one of the propositions ...
First trip will take place in 2030 Nobody went to Mars yet 6 scientists ticle, they did 3 rounds of proposition-guided questioning plus a free question; but this time, they were given 3 propositions to choose from in each questioning round instead of two. Students were divided into two intervention condition groups. In the Convergent condition, two of the propositions were answers that would lead to convergent-thinking questions, while the third proposition was one that would lead to a divergent-thinking question. Likewise, in the Divergent condition, two of the three propositions were directed towards divergent-thinking questions, with the third directing towards a convergent-thinking question. An additional feature of the intervention session is that the agent will attempt to prompt the children to choose a particular proposition by giving them a question starter. For example, while the children are choosing a proposition, the agent would say "One of the questions might start with When.... It might help you choose one of the propositions...". In the Divergent condition, the agent would attempt to encourage divergent thinking by giving a question starter that would lead to a divergent-thinking question, and likewise for the Convergent condition. Table 2 provides an example of an intervention round and highlights these differences between the Convergent and Divergent conditions. Only the choices of propositions and question starter prompts were different; the article was the same. With this manipulation, our goal is to influence children to generate a certain type of questions (convergent-thinking or divergentthinking), and investigate whether there is any immediate or longer term influence on their question generation behaviour post-intervention (i.e., in baseline 2). In total, each child asked 24 questions-18 questions guided by propositions and prompts, and 6 free questions-during the intervention session.
Over the entire experiment, each child generated 36 questions guided by propositions-9 questions in each baseline session, and 18 questions in the intervention session.
Design Rationale
In developing the pedagogical agent, one of the design choices we made is to provide propositions and question starter prompts to make the process of question generation easier for children. The rationale behind this decision is two fold. First, Humphries and Ness [34] found that children, without external aids, have great difficulty generating divergent-thinking questions, and proposed a set of verbal tools that help students construct questions for which the answers are not directly in the text. Inspired by this work, we provide simple vs complex question starters as verbal tools to help children generate questions. Second, Graesser and Person [25] argues that children fail to generate divergent-thinking questions because they are unable to identify their own knowledge gap. Suggesting answers to children helps to reveal their knowledge gap, while simultaneously serving as a form of gamification-since the divergent propositions are not in the text, the novelty of the propositions and the challenge of finding the right questions serve as design elements for keeping children curious and engaged.
Materials
The 12 articles used in the experiment were selected from a variety of children literature, including a magazine (i.e., Images doc), book/encyclopedia (i.e., La grande imagerie) and website (i.e., 1 jour 1 actu), related to subjects in science and history that are likely to interest children. They were edited in such a way that children can quickly read and understand them-the edited articles all have 6 sentences and a mean of 18 ± 7 words per sentence. For each article, the authors generated the propositions based on the two levels of questions (convergent-thinking and divergent-thinking) specified in Gallagher and Ascher's classification scheme [19] , which is known to be particularly useful for categorizing children's questions [34] . To facilitate the replication of this experiment, our dataset, which includes articles, propositions and prompts, is available at https://doi.org/10.7910/DVN/JKD52Y.
Participants
We recruited 95 5th grade students belonging to 4 classes from an elementary school, aged between 10 and 12 years old. After baseline 1, participants were randomly assigned to 2 intervention condition groups (Convergent or Divergent). As shown in Table 3 and confirmed via t-or χ 2 tests, the two groups did not differ in term of demographics (age, gender) as well as other profile measures. We removed the data of 2 children, who had learning disabilities and were participating in the experiment with the help of a school assistant. We removed students who were not present during all three sessions, students whose verbal outputs are not deemed usable (e.g., they entered mostly gibberish), and students whose majority of generated questions were incomplete, unrelated to the chosen proposition or not well-formulated. In total, we removed 23 children's data; this leaves 72 participants for our final analysis, composed of 33 boys and 39 girls. The data cleaning procedure is further discussed below.
Data Collection Instruments Session Data
From the Curiosity Notebook, we collected the proposition that children chose and the question that they generated in each questioning round. From this data, we produced a count of how many convergent-thinking versus divergent-thinking questions were generated. We refer to this count as the question-asking score (max score=18 in the intervention session; max score=9 in each baseline session).
Profile
This includes information about the child's age, gender, verbal understanding (WISC-IV subscale [61] ), reading abilities (E.L.F.E test [41] ), and curiosity trait [44] . This information was collected at the beginning of the first session, and the curiosity trait questionnaire was given to the parents to complete before the experiment.
Intrinsic Motivation and Type of Motivation
The Intrinsic Motivation Scale (IMS, max score = 40) measures children's motivation in using the application [10] . This was administered before and after the intervention, i.e., during the pre-and post-intervention baseline sessions. The Type of Motivation (TM) questionnaire [60] , which is a superset of the IMS, was used to assess the type of motivation elicited by the intervention. It is divided in 3 subscales, which include Amotivation (AM, max score = 3), Extrinsic Motivation (EM, max score = 9) and Intrinsic Motivation (IM, max score = 9). The TM questionnaire was administered at the end of the postintervention baseline session. Together, these scales allow us to evaluate the type and level of motivation behind the children interacting with the agent.
Fluency of Question Asking
The Fluency of Question Asking test measures the number of questions that children can freely generate about a piece of text without any external aids. In this test, children were told to read a short piece of text (specifically, about ants), and to ask as many questions as they can within 1 minute. In order to assess whether our intervention has any effects on children's fluency of question asking, this test was administered both at the beginning of the first session, as well as at the end of the last session. All questionnaires have been converted to 4-point Likert scales to ensure a homogeneous analysis of data, except for the TM questionnaire which contains yes/no questions only [60] . This is based on prior research [38] showing that a Likert scale with an even number of items typically forces children to make a decision between positive and negative answers, whereas with an uneven number of items, children are more likely to choose the middle item as the answer.
Data Cleaning
Since the question asking scores are based on questions generated from propositions, we processed the data to ensure that children entered well-formulated questions. Our analyses are based on counting divergent-thinking and convergent-thinking questions. In each round, if children chose a convergent/divergent proposition, the question they generate is considered a convergent-thinking/divergentthinking question, unless it is deemed incorrect. A question is considered correct if the chosen proposition is the correct answer to that question. As an example, for the proposition 200 million years ago, an acceptable question would be "When were dinosaurs alive?" We also accepted questions like "Dinosaurs were alive, when?" or "Dinosaurs lived, when?", but not "Were dinosaurs alive 200 millions years ago?" to which the appropriate answer is yes or no.
Two raters coded 10% of the questions, and considered 79% and 86% of the questions asked to be correct (i.e., the answer to the question matches the proposition) respectively. The inter-rater reliability is 82.5% overall, 82% for convergentthinking questions and 83% for divergent-thinking questions. Table 4 shows the number of well-formulated questions that we retained for analysis, by session and by intervention condition.
RESULTS
Question-asking performance during intervention
There was a significant difference in the number of divergentthinking questions asked during the intervention session between the two conditions (t(670) = -13.6 , p < 0.001, η 2 = -3.22), as shown in Figure 3 . The Divergent condition elicited a higher percentage (61%) and average number of divergentthinking questions (m = 11.10; SD = 3.74) compared to the Convergent condition (6%; m = 6.85; SD = 2.08). We also observed that children more frequently chose to ask questions that were prompted by the pedagogical agent; 73% of questions asked in the Divergent condition and 70% of the questions asked in the Convergent condition were generated using question starters provided by the agent. In addition, the results suggest that divergent-thinking questions are much more difficult to generate than convergentthinking questions. Even with prompting, children in the Divergent condition still opted to ask convergent-thinking questions almost 40% of the time; conversely, the incentive provided by the agent in the Convergent condition resulted in 94% convergent-thinking questions.
Mediating effect of curiosity trait
In analyzing the mediating effects of curiosity trait, we conducted an ANCOVA with curiosity trait as co-variate. Results show a slight trend of curiosity trait score mediating the type of questions asked (F(1,69) = 3.13, p = 0.08, η 2 = 0.011). For this reason, we performed a correlation analysis between curiosity trait and each type of question, in both conditions. There is no significant correlation in the Convergent condition.
However, as Figure 4 shows, in the Divergent condition, the number of divergent-thinking questions is positively correlated to curiosity trait (r = 0.358, p = 0.038) and the number of convergent-thinking questions is negatively correlated to curiosity trait (r = -0.390, p = 0.023). It means that the more curious a student is (by trait), the more divergent-thinking questions and the fewer convergent-thinking questions they will ask.
Intervention Effect: Pre-Post Measures
Lastly, we were interested in the influence of the intervention on question asking behaviour (i.e., in terms of the number of divergent-thinking questions asked and fluency of question asking), motivation and perception of the value of curiosity, as measured by pre-and post-measures.
Performance of Question Asking
Mixed ANOVA revealed a significant difference in the number of divergent-thinking questions asked bewteen the preintervention and post-intervention baselines (F(1,70) = 13.76, p < 0.01, η 2 = 0.074).
As Figure 5 shows, students asked more divergent-thinking questions in post-intervention baseline (m = 3.14; SD = 1.57) than in the pre-intervention baseline (m = 2.25 ; SD = 1.62). However, the two-way effect (intervention condition × baseline) did not reach significance (p > 0.60). Taken together, these results indicate that all children have improved their capability to ask divergent-thinking questions irrespective of which intervention condition (Convergent vs. Divergent) they were assigned to. With 18 trials of question asking training, both interventions yielded the same benefit in terms of encouraging children to ask more divergent-thinking questions.
Motivational Measures
In terms of intrinsic motivation (IM), there was no significant difference between the two baseline sessions (p = 0.535) Figure 6 . Motivation score of students by type of motivation (intrinsic vs extrinsic) and intervention condition or between the intervention groups (p = 0.228). The scores are relatively high (m = 28.7, out of 40) and remain stables throughout the experiment.
In terms of the type of motivation, statistical analyses revealed a difference between extrinsic and intrinsic motivation scores (F(1,70) = 12.62, p < 0.001, η 2 = 0.046). Students seem to be more intrinsically motivated (m = 5.72 ± 6) than extrinsically motivated (m = 4.88 ± 5), irrespective of intervention condition (F(1,70) = 0.0265, p = 0.871). There is no interaction between intervention condition and type of motivation (F(1,70) = 0.109, p = 0.773).
Fluency of Question Asking
Children asked more questions in post-intervention baseline (m = 9.0 ± 2.7) than in pre-intervention baseline (m= 6.8 ± 2.5); this result is significant according to Mixed ANOVA analysis (F(1,70)= 47.12, p < 0.001, η 2 = 0.147). There were no significant differences in the number of questions asked between the two intervention groups (F(1,70) = 1.13, p = 0.290) and no interaction between the intervention condition and baselines (F(1,70) = 1.23, p = 0.271). 
Curiosity Perception
In terms of the image of curiosity, mixed ANOVA shows that there are no significant differences between the baselines (F(1,70) = 0.067, p = 0.931) or between intervention conditions (F(1,70) = 0.061, p = 0.804), and there is no two-way interaction (F(1,70) = 0.027, p = 0.870). Students had nearly the same perception or image of curiosity at the end of the experiment as the beginning. In terms of attitude toward epistemic curiosity, Mixed ANOVA revealed no significant differences between the baselines (F(1,70) = 1.98, p = 0.164) or between intervention conditions (F(1,70) = 0.132, p = 0.718), and there is no two-way interaction (F(1,70) = 0.003, p = 0.956). Students had nearly the same attitude toward epistemic curiosity at the end of the experiment as the beginning. 
DISCUSSION
This work explores how pedagogical agents can be used to improve the ability of children to ask more questions and questions of higher levels of complexity. Specifically, we proposed and evaluated an intervention that can steer children to ask more questions of a particular type. Our main results show that both interventions led to higher fluency of question asking and a significant increase in the number of divergent-thinking questions asked, when comparing the postintervention to the pre-intervention results. This is counter to our initial assumption, that the Divergent condition will result in a bigger improvement of question-asking skills than the Convergent condition. One simple explanation is that the repeated practice of asking questions (which is common to both interventions) led children to be more comfortable with generating questions, as well as questions that require curiosity and a greater amount of information seeking. This confirms existing theories [16] which established a strong connection between children's mastery of question generation mechanics and their curiosity-related behaviors. The results also resonate with curiosity studies which show the positive cyclical effects of question asking [3, 5, 25] -the more question you ask, the more curious you become, leading to even more questions.
Our work went one step further by demonstrating that pushing children to ask more questions can lead them to ask more complex ones.
Other more nuanced conclusions can be drawn from the study. First, the findings provide some evidence that our intervention was effective: the agent was able to successfully influence children to ask either more convergent-thinking or divergent-thinking questions through the use of propositions and question starter prompts. In the Divergent condition, our agent led children to generate 61% divergent-thinking questions, which is noteworthy in light of the previous findings of Humphries and Ness [34] reporting that children would ask 93% convergent-thinking questions when no incentives were given. As observed, 73% of divergent-thinking questions asked in the Divergent condition were those prompted by question-starters. Without question starters prompting divergent-thinking questions (as is the case in the Convergent condition), only 6% of the questions that children asked were divergent-thinking. Thus, it is possible and extremely beneficial to foster question asking skills with the help of a pedagogical agent, who provides hints and models higher-level question asking behaviour [34] .
Second, results show that the curiosity trait of children was positively correlated with the number of divergent-thinking questions asked in the Divergent condition. In other words, children who are generally curious benefited more from the Divergent intervention. This connection between curiosity trait and ability to ask divergent-thinking questions is consistent with prior work [45, 35] , which suggests that curious children tend to focus on implicit information in text, seek new knowledge more often, and are better at discriminating between helpful and unhelpful questions than less curious children. Therefore, the Divergent intervention-of having an agent encourage divergent-thinking questions-is particularly fruitful for the highly curious children, whereas the Convergent intervention is beneficial for all the children.
As a final argument in favor of the use of educational agents to facilitate question asking training, across both interventions, the intrinsic motivation score remained high and superior to extrinsic motivation. This shows that children generally find the question-asking learning activity to be enjoyable and motivating.
Limitations
On the flip side, our results also showed that the intervention effects were short-lived-there is a drastic decrease of divergent-thinking questions performance for the Divergent group, from 61% in the intervention session to 36% in the post-intervention baseline. One possible reason is the sudden removal of support by the agent when transitioning from the intervention session to the post-intervention baseline session, which made the task of question asking more difficult. This discrepancy in children's performance between agent-supported and self-supported question asking mirrors a well-known learning phenomenon-the maintenance of under-developed skills requires support from the environment, whereas welldeveloped skills that can be self-sustained regardless of the circumstances [56] . In other words, the 18 trials of question asking training may simply be inadequate to consolidate the learning of divergent-thinking question asking behaviors.
The intervention duration can also explain why no positive change was observed in children's perception of and attitude towards curiosity. This is not surprising in light of the nature (i.e., digital interaction) and duration (i.e., 3 days) of the performed intervention. Indeed, it is well documented in social attitude literature that reliable and sustainable attitudinal changes often require longer interventions and/or with more realistic social interaction with teacher or between children [10] . Moreover, as reported by Post and Walma van der Molen [49] , negative age-related attitudinal changes toward epistemic curiosity is common during the transitional period between Grade 5 and Grade 6. Researchers have found that children's perception about the learning value and use of epistemic curiosity may decline as they progress through primary school.
Long Term Benefits
Overall, the present results suggest that an agent can be used to enhance question-asking skills in children, irrespective of whether the Convergent or Divergent intervention was used. Previous research found the generation of divergent-thinking questions [7] to be an effective exercise for fostering higherlevel thinking skills in young students-motivating them to voice inquisitive ideas, make creative connections between knowledge domains, and seek alternative solutions to problems [17, 32, 48] -and for enhancing their reading comprehension skills [47] . The convergent/divergent question distinction was designed to assess children's questions [34] , and therefore can be also used to educate teachers on how to recognize questioning behaviour in the classroom and how to use effectively use questioning themselves as a pedagogical strategy [42] . Therefore, as a classroom tool, our pedagogical agent has the potential to benefit children and teachers alike.
CONCLUSION
In this work, we developed a pedagogical agent that encourages children to ask divergent-thinking questions, a more complex form of questions that is associated with curiosity. We conducted a study with 95 fifth grade students, who interacted with an agent that encourages either convergent-thinking or divergent-thinking questions. Results showed that both interventions increased the number of divergent-thinking questions and the fluency of question asking, while they did not significantly alter children's perception of curiosity despite their high intrinsic motivation scores. In addition, children's curiosity trait has a mediating effect on question asking under the agent that promoted divergent-thinking, suggesting that question-asking interventions must be personalized to each student based on their tendency to be curious.
Despite encouraging results, we observed that the question asking exercise was still too difficult for some children. In future work, we could develop a more guided approach or an adaptive strategy where we prompt for questions of different levels of complexity, in order to avoid a cognitive load [58] . We hypothesize that different types of text (e.g interesting vs boring, familiar vs unfamiliar, text containing complete vs partial information) may influence children's epistemic curiosity and the way they generate questions [14] ; as such, future work can explore new types of materials and how they mediate the effects of agent-facilitated question asking. Currently, questions were coded manually after the experiment and not processed automatically during the interaction with the agent.
In future work, one can automate processing by parsing question starters (e.g., what, when, how) from children's questions, or by creating a topic model to describe the questions and the main text to ensure some correspondence between the two. Finally, we can investigate short and long term interventions on question asking and assess their effects on learning outcomes.
